ABSTRACT: The links between macroalgae-covered reefs and diversity and biomass of epiphytic algae assemblages in adjacent seagrass meadows were investigated. Algae assemblages were sampled in 3 habitats: on-reef, seagrass meadow near-reef (< 20 m from reef), and seagrass meadow distant-from-reef (> 3000 m), off the coast of Fremantle, Western Australia. We interpreted differences among these habitats as evidence that proximity to reefs influences epiphytic algae assemblages. Propagules in the water column, epiphytes recruiting onto artificial seagrass units (ASU) and assemblages on natural Posidonia sinuosa were sampled in each habitat. For propagules, ASU and natural P. sinuosa, there were significant differences in the structure of algae assemblages near and distant from reefs, while assemblages near reefs tended to resemble those found on reefs. Multivariate analysis (ANOSIM) confirmed that propagule assemblages near reefs and on reefs were similar, but those distant from reefs differed from those on reefs. Near-reef habitat recorded the highest total number of algal taxa growing on ASU (53), followed by on-reef (44) and distant-from-reef (37) habitats. ANOSIM again confirmed that assemblages at on-and near-reef sites were not significantly different, but both differed from those at sites distant from reef. We identified 59 species of algal epiphytes growing on mature P. sinuosa leaves at near-reef and distant-from-reef sites, with only 19 species being common to both habitats, and multivariate analyses were suggestive of differences in assemblage structure. Biomass was only recorded for the ASU epiphyte assemblages and was greatest in the near-reef habitat (0.63 ± 0.11 g shoot ) followed by the on-reef habitat and the distantfrom-reef habitat (0.18 ± 0.04 and 0.11 ± 0.01 g shoot -1
INTRODUCTION
Algal epiphytes have long been recognised as a significant component of both the biodiversity and ecological function of seagrass habitats. In addition to typically being species-rich (Kendrick & Burt 1997) they can be important contributors to primary production and a major source of food for grazers and detritivors in seagrass ecosystems (Kitting et al. 1984 , Borowitzka & Lethbridge 1989 . However, neither epiphyte biomass nor diversity is evenly distributed across seagrass meadows, and the nature of spatial variability within meadows can vary among seagrass species (Vanderklift & Lavery 2000 , Lavery & Vanderklift 2002 . Edgar & Robertson (1992) previously showed that mobile epifauna responded in a variety of ways to the presence of epiphytes. This patchiness in both algal epiphytes and species that interact with them suggests that both diversity and ecological function will be patchy within seagrass ecosystems.
Despite their recognised importance, little is known of the processes influencing algal epiphyte diversity in seagrass ecosystems , Borowitzka & Lethbridge 1989 , Lavery & Vanderklift 2002 . It has been hypothesised that reef systems comprise a source for diversity to algal epiphyte assemblages in adjacent seagrass meadows (Borowitzka & Lethbridge 1989 , West 1990 ). The basis of this hypothesis is that reefs have the potential to influence many of the factors known to influence algal diversity. The algal epiphyte assemblage present in a seagrass meadow is the result of many processes, including those related to lifecycles (such as propagule release, dispersal, settlement, germination and growth to the adult stage) and environmental factors such as water motion, nutrient availability and grazing. These factors can act either pre-or post-recruitment and at local or regional scales. For example, the source of propagules may be the seagrass meadow itself (local) or propagules arriving from outside the seagrass meadow (regional), such as adjacent reef systems. Most available information would suggest that local recruitment is likely to be the major source of recruits to seagrass meadows (Lavery & Vanderklift 2002) , and this may be related to the limited ranges of propagule dispersal and survival for many species of algae (Hoffmann 1987 , Kendrick & Walker 1995 . For example, less than 0.0001% of Sargassum spp. recruits survive for 12 mo and their dispersal range is only 1 to 2 m (Kendrick & Walker 1995) . Thus, in Sargassum spp.-dominated assemblages, local recruitment processes are likely to be more important in maintaining algal epiphyte diversity in seagrasses than regional processes. However, many seagrass meadows occur adjacent to reefs with diverse algae assemblages, and it is possible that these may act as both sources of propagules and as modifiers of the physical and nutrient conditions in adjacent areas.
This study was designed to examine the influence of reefs on the diversity of epiphytic algae assemblages in nearby Posidonia sinuosa meadows, and to determine whether this influence occurs at pre-recruitment or post-recruitment phases of assemblage formation. Due to the nature of the questions and the spatial scales involved, it was impossible to establish an experiment that formally tested the hypothesis that reefs influence algal diversity in seagrass meadows. However, if reefs do influence the diversity of epiphyte assemblages on nearby seagrasses, then algae assemblages on reefs should be more similar to those in seagrass meadows near reefs than those distant from reefs. We specifically examined epiphytic algae assemblages in seagrass meadows at differing proximities to reefs. Further, by characterising the assemblages of algal propagules, early recruitment and the mature assemblages at increasing distance from reefs, we were able to draw conclusions as to whether any influence of reefs on diversity occurs predominantly at the pre-or post-recruitment stage.
MATERIALS AND METHODS
Study area. The study was conducted off the coast of Fremantle, Western Australia (Fig. 1) . Parmelia Bank is a shallow (<10 m), unconsolidated carbonate sand bank approximately 6 km south-west of Fremantle. Common seagrass species occurring on Parmelia Bank include Posidonia australis, P. coriacea, P. sinuosa, Amphibolis griffithii, Heterozostera tasmanica and Halophila ovalis (Kendrick et al. 2000) . The western boundary of the Bank is a chain of limestone reefs and islands. Carnac and Garden Islands are part of this chain and are entirely surrounded by high-relief reef (i.e. reef that is raised more than 0.5 m above the sediment surface). Thus the Bank comprises an extensive seagrass habitat fringed to the west by a semi-continuous reef system. Experimental design. We addressed our aim of examining the influence of reefs on epiphytic algal diversity in seagrass meadows through 3 separate tests. At sites of increasing distance from reefs, we tested for (1) significant differences in the availability of algal propagules in the water column, (2) the assemblages of algae that recruited to artificial seagrass at those sites and (3) the assemblages of algae on mature Posidonia sinuosa leaves. In all cases, if the assemblages at sites close to reefs were more similar to those on reefs than were the distant-from-reef assemblages, we interpreted this as evidence that proximity to reefs influences epiphytic algal diversity. Differences in the diversity of algal propagules were interpreted as a prerecruitment influence of proximity to reefs on diversity of epiphytic algae. Species of algae colonising the artificial seagrasses were assumed to reflect those that could successfully recruit on seagrasses during the period of deployment (8 to 10 wk) and differences in these assemblages were viewed as being consistent with an influence of proximity to reef on recruitment. Finally, significant differences in mature epiphytic algae assemblages on P. sinuosa leaves were viewed as being consistent with a post-recruitment influence of proximity to reefs on the resultant assemblages of epiphytes. Leaf turnover times for P. sinuosa are between 212 and 254 d (Marbà & Walker 1999) , so the oldest leaf would have been available for colonisation 3 to 5 times longer than our deployment of artificial seagrass, and subject to a range of post-recruitment factors such as different hydrodynamic and physical environments that could influence the development of seagrass epiphytes.
The relevant variables were measured/collected from 4 replicate sites within reef ecosystems and from 4 replicate sites near to and distant from the reefs. This provided 3 treatments (on-, near-and distant-fromreef) with 4 replicate sites for each treatment. At each site, 3 replicate samples of algal propagules (for Test 1) and 4 replicate samples of epiphytes recruited onto artificial seagrass or Posidonia sinuosa (for Tests 2 and 3, respectively) were collected. This sampling design conformed to a nested experimental design, the main factor being proximity to reef (hereafter referred to as 'habitat') and with sites nested within habitat.
The study was not designed as a gradient analysis, which would have required a greater number of distances from reef. Instead we sampled only 3 distances from reef in order to increase the replication within habitats and sites and thereby increase the power of the study.
The 4 sites used for on-reef and near-reef treatments were North Carnac, South Carnac, SW Carnac and Herring Bay. In choosing these on-and near-reef sites, consideration was given to the presence of high-relief reef (> 0.5 m above the ocean floor), the presence of patches of a Posidonia sinuosa meadow within 20 m of reef, and shallow water depth (< 5 m). We chose 4 sites within Parmelia Bank for the distant-from-reef treatment. These sites were all relatively shallow (approx. 4 m deep) and contained patches of P. sinuosa of similar density and size (Kendrick et al. 2000) ; they were a minimum of 100 m apart, and were at least 3 km from the nearest known reef.
Test 1: Propagule availability. To determine if propagule availability differed among sites with different proximity to reefs, water samples containing algal propagules were collected from all sites over 2 d in November. A boat-mounted bilge pump attached to a plastic hose was steadily moved vertically through the water column (at about 10 m min -1 ) to provide a 10 l vertically integrated water sample from each site. The sample was filtered through a 3 µm phytoplankton net and the concentrate transferred to high-density polyethylene containers, each with a 6 cm diameter polyethylene disc fixed to the bottom of the container. Samples were stored upright in a cool dark box, transported to the laboratory, and incubated under 2 fluorescent Grolux lights (F30W/GRO-T8) on a 12 h day/night regime at 20°C (Bellgrove et al. 1997) . Samples were left for 48 h to allow propagules to settle onto the polyethylene discs before transferring the discs into fresh, sterile jars containing 100 ml autoclaved seawater (110°C for 10 min) enriched with 2 ml Provasoli ES medium (Bold & Wynne 1978) . Lids were loosely closed to allow airflow, and the media was changed twice weekly. After 24 d, 5 ml of formalin was added to each culture jar to preserve algal recruits. After a further 24 h the media was replaced with fresh autoclaved seawater to minimise loss of colour and damage to cell tissue. Identification of recruits was only possible to genus level for many individuals.
Test 2: Epiphyte recruitment. Artificial seagrass was chosen over natural seagrass to study epiphyte recruitment, as it was not possible to standardise the age of leaves to make accurate comparisons among habitats. Pinckney & Micheli (1998) suggested that Zostera marina and Halodule wrightii leaves regulate the composition of microalgae growing on them through competitive interactions. However, there is no such evidence for macroalgal epiphytes on species of Posidonia. On the contrary, a number of studies present correlative data that suggest it is not the nature of the substratum but the period of availability of the substratum that determines epiphyte communities (Kendrick & Hawkes 1988 , Borowitzka et al. 1990 , Kendrick & Burt 1997 . Horner (1987) showed that epiphytic algal biomass distribution on artificial seagrass was similar to that of natural Posidonia leaves, and other authors have successfully used artificial substratum to quantify the effects of nutrient enrichment on epiphyte productivity (Hillman et al. 1994) .
Artificial seagrass units (ASU) closely resembling Posidonia sinuosa were constructed using the method of Horner (1987) . Artificial seagrass shoots consisted of 2 strips of clear flexible polyethylene, 200 or 400 mm long and 10 mm wide × 300 µm thick, to mimic the younger and older leaves of a typical shoot. Each shoot was threaded through and stapled to plastic coated wire grids 150 × 150 mm in outside dimensions with 25 × 25 mm apertures. We attached 16 shoots to each grid; 4 ASU were randomly placed within seagrass patches at each site (from which underlying plant material had been removed) and anchored to the substratum by 30 cm steel tent pegs and weights. The ASU were deployed in October and November and after 8 to 10 wk, the grids were retrieved, carefully placed in separate plastic bags containing seawater and stored on ice for transport to the laboratory, where they were processed within 24 h.
In the laboratory, 3 plastic shoots were randomly selected from each ASU grid and the composition and abundance of epiphytic species recorded. These shoots were then preserved in 5% seawater-formaldehyde solution. A pilot study had previously shown that 3 shoots were sufficient for representation of taxon richness of a sample.
Biomass of algal epiphytes was determined for the ASU. We randomly selected 5 plastic shoots of each sample and determined dry weight (DW) of epiphytic macroalgae for all 5 plastic shoots combined. Approximately 1 cm was cut off the bottom of each shoot to remove staples. Epiphytic fauna were removed from the leaves. The leaves were then gently washed in seawater over a sieve to remove sediment; any dislodged epiphytic material was captured in the sieve. The remaining epiphytes were then scraped from shoots using a single-sided razor-blade, placed in preweighed crucibles that had been pre-fired to 950°C, oven-dried at 80°C for 48 h, and reweighed to determine dry weight (DW). Data were normalised to g DW shoot -1 . Test 3: Developed assemblages. Samples of naturally occurring Posidonia sinuosa were collected from each distant-from-reef and near-reef site where ASU were deployed. On-reef samples were not collected, as P. sinuosa does not grow on the reef itself. All aboveground vegetative material was collected from 4 randomly located 10 × 10 cm quadrats at each site and placed in plastic bags while under water. Samples were kept on ice and transported to the laboratory, where they were preserved in 5% formaldehyde in seawater and stored in the dark until processed. We randomly selected 1 shoot from each quadrat, and recorded the epiphyte species and abundance for the oldest leaf, as detailed below.
Epiphyte identification/abundance. Epiphytes were identified using the taxonomic keys of Womersley (1984 Womersley ( , 1987 Womersley ( , 1994 Womersley ( , 1996 , and Huisman & Walker (1990) . The species occurring on each shoot were recorded and the percentage cover of each species estimated. Cover values were recorded on a scale from 1 to 6 corresponding with percentage-cover categories of 0-1, 2-9, 10-29, 30-54, 55-79 and 80-100 % (Kendrick & Lavery 2001) . Vouchers of each taxon were made by preserving, staining and mounting material on microscope slides following the method of Womersley (1984) , and are held at Edith Cowan University, sJoondalup, Western Australia.
Statistical analysis. Univariate analysis: Nested analysis of variance was used to test for differences in taxonomic richness (hereafter referred to as 'taxon richness') among habitats and among sites nested within habitats. We report taxon richness rather than species richness as the encrusting coralline algae could not be separated to species level and are referred to as coralline species (spp.). Levene's test indicated that the variances were often heterogeneous, even after square-root transformations. As ANOVA is considered to be robust to heterogeneity of variance (Chapman et al. 1995) when equal sample sizes are involved (Kendrick 1991) , it was considered appropriate to continue with parametric analyses of data. To compensate for the possibility of an erroneous conclusion, the significance level was set at 0.01 when data failed to conform to homogeneity of variance. If data conformed to homogeneity of variance, the significance level was set at 0.05. When ANOVA indicated a significant difference among habitats, multiple, pairwise post-hoc comparisons of means were performed (Games-Howell test; Sokal & Rohlf 1981) .
Multivariate analysis: Multivariate analysis was conducted using the PRIMER software analysis package (Carr 1997) to explore for patterns in algal epiphyte assemblages in relation to proximity to reef. The full set of taxa abundance data (i.e. untransformed median-cover category values) was used (total: n = 48 for artificial seagrass; n = 36 for propagule culture; n = 32 for natural seagrass). We performed 2-dimensional non-metric multidimensional scaling (NMDS) ordinations to reveal patterns of similarity among epiphyte assemblages at different sites, based on a Bray-Curtis similarity matrix. The Bray-Curtis measure was selected as it is the most commonly used association measure in ecological studies and is robust to the non-linear species responses typical of ecological data (Faith et al. 1987 ).
To examine the significance of patterns in species composition among habitats and among sites within habitats, we conducted analysis of similarities (ANOSIM) based on Bray & Curtis similarity values calculated from untransformed proportion data, using PRIMER. We conducted a 2-way nested ANOSIM (Clarke 1993) to test for differences among habitats and among sites within habitats, followed by pairwise comparisons. The R statistic from all analyses is synonymous with both Clarke's R and global R. The number of permutations used in each test was either 5000, or where this could not be achieved (due to limited sample size) the maximum possible number of permutations.
To determine the epiphytic macroalgae taxa that contributed most strongly to dissimilarities among samples from different habitats, we used the SIMPER method described by Clarke (1993) . This procedure examines the contribution of individual species to the similarity matrix by computing the average dissimilarity among all pairs of group samples, and then breaks the average down into the separate contributions from each species to the average dissimilarity (Clarke & Warwick 1994) .
RESULTS

Propagule assemblages
Laboratory culture of propagules collected from each site produced 14 algal taxa: 1 Cyanophyta, 3 Rhodophyta, 4 Chlorophyta and 6 Phaeophyta (Table 1) . Of these 14 taxa, 11 were collected from water samples taken on-and near-reef sites, while only 7 were collected from distantfrom-reef sites. Sphacelaria spp., Enteromorpha flexuosa, E. paradoxa, Hincksia mitchelliae and Ulva spp. were common to all 3 habitats. Ceramium macilentum only occurred in near-reef samples, while encrusting coralline species were detected only in 1 on-reef sample. Taxon richness was lowest for distant-from-reef sites, while on-reef and near-reef sites had higher and more variable taxonomic richness. Analysis of variance on untransformed data (homogeneous as confirmed by Levene's test p = 0.06) indicated significant differences among habitats and no significant differences among sites within habitats (Table 2) . GamesHowell post-hoc testing showed that taxon richness of propagules collected from distant-from-reef sites was lower than those collected from on-and near-reef sites (Fig. 2) .
The NMDS ordination of taxon abundance revealed a clustering of samples according to habitat, though this was not a strong separation (Fig. 3) . ANOSIM confirmed the significance of the clustering pattern, with a significant difference among habitats (p = 0.02) and sites-within-habitat (p = 0.001; Table 3 ). Pairwise comparisons revealed that for each combination of habitats only on-reef and away-fromreef sites were significantly different from each other (p = 0.03). This was partly driven by the low number of taxa collected during the propagule sampling. Hincksia mitchelliae and Ulva spp. were responsible for 90% of the differences between away-fromreef sites and the other habitats. The same taxa were present in on-reef and near-reef samples, although their relative contribution to assemblage structure was smaller (Table 4) .
Epiphyte recruitment
Taxon richness
We identified 68 epiphytic algae taxa growing on shoots of artificial seagrass across all habitats during the study period: 3 Cyanophyta, 13 Phaeophyta, 10 Chlorophyta and 42 Rhodophyta (Table 1 ). The nearreef habitat supported the highest total number of taxa (53), followed by on-reef (44) and distant-from-reef (37) sites. Of the species recorded, 30% were common to all 3 habitats, while on-and near-reef habitats shared more species with each other than with distantfrom-reef habitat; 17% of distant-from-reef species were unique to that habitat, compared to 12% for near- 
Phaeophyta
Asperoccocus bullosus X X Brown uniseriate sp. 1 X Colpomenia juvenile spp.. Total taxa richness  11  11  7  44  53  37  39  39 reef and 5% for on-reef habitats; 14 species occurred at only 1 of the 12 sites studied. Taxon richness was highly variable within sites. This localised patchiness dominated any variation in species richness among habitats. Species richness was significantly different among sites nested within habitats (p < 0.001; Table 2 ). Mean species richness for each site was relatively consistent for distant-from-reef sites (13.25 ± 0.85 SE to 15.25 ± 0.64 SE) but considerably more variable for the other 2 habitat types (on-reef = 5.50 ± 1.89 SE to 18.25 ± 3.32; near-reef = 11.25 ± 1.71 SE to 22.25 ± 2.14 SE) (Fig. 2) .
Assemblage structure Epiphyte assemblages on artificial seagrass differed among the habitats, with the most apparent trend being the clear separation of samples from the distant-to-reef habitat from the other habitats (Fig. 3) . A 2-way nested ANOSIM confirmed the significance of differences among habitats (p = 0.002; Table 3 ) and sites within habitats (p < 0.0001). Therefore, the null hypotheses of no significant differences in epiphytic assemblages recruited to artificial seagrass among sites within habitat and among habitats were rejected. Pairwise comparisons showed that on-and near-reef assemblages of epiphytes on ASU were not significantly different (p = 0.43) while distant-from-reef assemblages were significantly different for these habitats (p = 0.03). Near-reef assemblages were dominated by 2 filamentous brown species, Polycerea nigrescens and Hincksia mitchelliae. Distantfrom-reef assemblages were also dominated by fila- . 3 . Results of 2-dimensional NMDS ordination of epiphytic macroalgae assemblages at on-reef, near-reef (< 20 m distant) and distant-from-reef (> 3 km distant) sites as propagules in the water column, thalli on artificial seagrass units (ASU) and thalli on Posidonia sinuosa leaves. Ordinations were based on Bray-Curtis dissimilarity matrices calculated from untransformed median abundance values. (h)(j) on-and near-reef Herring Bay, respectively; (e)(r) on-and near-reef South-west Carnac Island; (n)(m) on-and near-reef South Carnac Island; (s)(d) on-and near-reef North Carnac Island; 1-4: seagrass sites distant from reef mentous brown algae, but the species were different and included Giraudia robusta, Polycerea zostericola and Sphacelaria rigidula. Articulated coralline algae were conspicuous components of distant-from-reef assemblages but were absent from near-reef assemblages. The number of different epiphyte taxa contributing to the similarity of assemblages on ASU within habitats increased with increasing distance from reef (Table 4) . This pattern was similar to that shown in the propagule availability experiment. With regard to assemblage structure, 9 taxa accounted for 90% of the structure of on-reef sites and 14 species for the structure on near-reef sites. Of these, 5 were common to both habitats (encrusting coralline species, Polycera nigrescens, Hincksia mitchelliae, Ceramium isogonum and Polysiphonia mollis). In contrast, 10 taxa contributed to the same percentage for near-reef sites, with only 2 (encrusting corallines and Sphacelaria rigidula) found at both nearreef and on-reef sites. Thus, on-reef and near-reef assemblages had a relatively high proportion of common species, reducing the differences among these assemblages, while distant-from-reef sites had fewer species in common with either of the other 2 habitats. Biomass Biomass was only recorded for ASU epiphyte assemblages. The mean dry weight of epiphytes on ASU differed significantly among habitats and among sites within each habitat (Table 5) . Mean biomass was greatest on the ASU in the near-reef habitat (0.63 ± 0.11 g shoot ) followed by the on-reef habitat and the distant-from-reef habitat (0.18 ± 0.04 and 0.11 ± 0.01 g shoots -1 , respectively; Fig. 4 ). Post-hoc pairwise comparisons confirmed that the mean biomass at the nearreef habitat was significantly higher than at either of the other habitats (Games-Howell test; p < 0.05), which were not significantly different from each other. Variability in mean biomass also differed among habitats. Mean biomass values were more consistent for sites nested within the distant-from-reef habitat and more variable for sites nested within near-and on-reef habitats.
Epiphyte assemblages on
Posidonia sinuosa
Taxon richness
We identified 59 taxa of algal epiphytes growing on Posidonia sinuosa at near-reef and distant-from-reef sites, 37 Rhodophyta, 14 Phaeophyta and 8 Chlorophyta (Table 1) . Of these, 40 were recorded in only 1 habitat, with only 19 taxa common to both.
Species richness of epiphytes occurring on Posidonia sinuosa was highly variable among sites within habitat. Mean and standard error of taxon richness varied from 5.5 ± 1.1 to 10.2 ± 1.9 for near-reef and 2.2 ± 0.5 to 14.2 ± 0.7 for away-fromreef sites (Fig. 2 ). There were no significant differences between near-reef and awayfrom-reef habitats (p = 0.86), with differences among sites within habitats being significant (p < 0.001) ( Table 2) .
Assemblage structure
Epiphytic algae assemblages growing on Posidonia sinuosa in meadows distant from reef clustered to the right of the ordination and away from assemblages found in near-reef meadows, with the exception of Parmelia Bank Site 3, which clustered among the nearreef sites (Fig. 3) . ANOSIM indicated a significance value of p = 0.057 for difference between near-to-reef and distant-from-reef assemblages, that is, the differences were not significant (Table 3) . However, it is worth noting that this test had only 35 permutations, due to the low number of samples. Because of this, the degree of significance indicates that only 2 out of 57 random permutations of the samples produced greater R-values than the observed R, and with this low number of permutations significance changes in steps of p = 0.028. In other words, if 1 permutation less had been significantly different, the statistical significance would have been p = 0.028. Thus, the low sample size introduces the prospect of mathematical artefacts in the test, and we interpret the outcome as more suggestive of significance than non-significance. Differences among sites within habitat were significant at p < 0.001.
Coralline encrusting algae accounted for most of the contribution to similarity within both habitats (Table 4) ; of the remaining species contributing to similarity, the filamentous brown alga Sphacelaria rigidula and the red alga Ceramium puberulum were found in both habitats. Of the other species, filamentous and fleshy red algae contributed to the similarity within the distant-from-reef habitat, while the brown algae Hincksia mitchelliae and Colpomenia sinuosa contributed to the similarity among near-reef sites.
79 Table 5 . Results of 2-factor nested ANOVA testing for differences in biomass between habitats (on-reef, near-reef, distantfrom-reef) and between 4 sites nested within habitats. All data square-root (x + 1)-transformed On-reef Distant-from-reef Near-reef 
DISCUSSION
Our findings showed that biomass and species composition of epiphytic macroalgae assemblages on seagrasses differed among habitats of varying proximity to reefs. Biomass on artificial seagrass was substantially higher and more variable within near-reef sites. Culture of propagules available in the water column, on a single sampling date, indicated that there were differences in taxon richness and composition of propagules among the habitats. These differences were most evident between on-reef and distant-fromreef habitats, consistent with the observation of Borowitzka & Lethbridge (1989) that the assemblage of propagules available for recruitment to seagrasses varied with proximity to reefs. The strongest evidence of an influence of habitat on epiphyte diversity was found in the assemblages recruiting to artificial seagrass: assemblages recruiting to on-and near-reef sites were similar, but assemblages recruiting to distant-fromreef were different, with a majority of taxa unique to these samples. Epiphyte assemblages on Posidonia sinuosa at near-to-and distant-from-reef habitats were also distinct, although greater variation among sites within each of these habitats resulted in the differences being less significant. This site variation in mature epiphytic assemblages may indicate an influence of post-recruitment processes in determining the eventual algal epiphyte assemblages on P. sinuosa, and may lessen differences that exist at recruitment.
Comparison of propagule culture and artificial seagrass ordinations showed that the differences between near-reef and distant-from-reef assemblages were more pronounced in 'younger' artificial blades; R increased from 0.33 to 0.92 for propagule and ASU assemblages, respectively. This may indicate a genuine intensification of differences between assemblages from pre-recruitment to recruitment phases due to the action of post-recruitment processes such as grazing and hydrodynamics. However, it is more likely that the observation is simply an artefact of the sampling timescales in the 2 parts of the study. The propagule availability experiment involved measuring a single, stochastic seeding event, while the ASU were exposed to a continual rain of propagules over an 8 to 10 wk period.
If the relationship between proximity to reef and epiphytic algal composition is a simple one, then we would expect the dissimilarity among assemblages to increase as their distance from the same reef increased. This pattern was observed for assemblages on ASU; near-reef assemblages were essentially the same as on-reef assemblages (R = 0.00; Table 3 ) but distant-from-reef assemblages were highly dissimilar from those on-reef (R = 0.93) and only slightly less dissimilar from near-reef (R = 0.92) assemblages. However, the differences between near-reef and distantfrom-reef assemblages were less pronounced on the oldest leaves of Posidonia sinuosa than on ASU; whereas ASU assemblages distant from reefs were highly dissimilar to those near reefs (R = 0.92), for assemblages on P. sinuosa the corresponding R value was 0.35.
There are 3 likely contributors to this observed weaker trend on natural Posidonia sinuosa leaves compared with artificial seagrass. First, sampling effort differed between the ASU and P. sinuosa components of our study. Second, samples from the distant-fromreef Site 3 clustered with sites that were located nearreef, weakening the differences between near-to-and distant-from-reef epiphyte assemblages. It is possible that this site was an outlier subject to some unusual factors influencing diversity. Removal of this site increased the strength of difference between near-toand distant-from-reef sites (from R = 0.35 to 0.56). Third, there may be a complex interplay of pre-and post-recruitment processes. Generally, we would expect that assemblages that differed at the recruitment stage would tend to become more dissimilar over time, unless the post-recruitment processes acted as a homogenising force. For example, grazing preferences may act (post-recruitment) to favour grazing-resistant forms such as articulated or encrusting coralline species of algae. Lavery & Vanderklift (2002) , studying seagrass epiphytes in the same region, suggested that the dissimilarity of algal epiphyte assemblages at a range of spatial scales was the result of interactions between the life-span of the seagrasses and the epiphytic algae, not just recruitment processes, and Sousa (1979) , working in intertidal boulder fields, showed that post-recruitment factors, in the form of physical disturbance, caused homogenisation of periphyton assemblages on disturbed boulders while undisturbed boulders maintained the initial complexity of recruited assemblages.
Can proximity to reefs explain the difference in epiphyte assemblage structure and biomass?
The correlative results of this study indicates that proximity to reefs influences the diversity and also the biomass of epiphytes on seagrasses in adjacent meadows. Diversity of marine assemblages is related to a host of pre-recruitment and post-recruitment factors such as hydrodynamics, nutrient and light conditions, grazing and sources of propagules. If we are to explain the differences in epiphyte assemblages near-to and distant-from reefs in terms of some influence of the reef, then it is worth considering how reefs may act to influence those factors. While many of these factors were not explicitly measured in this study, we can speculate on how reefs could influence them in a way that creates differences in diversity and biomass.
Reef algae can be highly productive, and inputs of decomposing drift algae and other organisms to adjacent seagrass meadows may provide nutrients not available to meadows distant from a reef. In our study area, the waters are generally low in nutrients (DEP 1996) , and any localised inputs from reefs would be expected to influence both biomass and, during the post-recruitment phase, species composition. Some studies have shown a positive response to nutrient enrichment by epiphyte biomass (Orth & Van Montfrans 1984 , Neckles et al. 1993 ) while others have not (Lin et al. 1996) . Moreover, factors such as light, temperature, water motion, leaf turnover, grazing and propagule settlement interact to influence the rate at which epiphytes respond to nutrients (Neckles et al. 1993) . Other studies have implicated nutrient enrichment in changes in macroalgae composition, including epiphytic macroalgae (Neckles et al. 1993 , Coleman & Burkholder 1994 , and Frankovich & Fourqurean (1997) reported shifts in species composition over the scale of tens to hundreds of metres adjacent to an island supporting bird colonies that contributed nutrients through bird defecation. Proximity to nutrient sources has been suggested as a cause of spatial patterns in the composition of epiphyte assemblages on Success Bank by Kendrick & Burt (1997) and Lavery & Vanderklift (2002) , although these authors also acknowledge that the relationship between epiphyte biomass and nutrient availability is not a simple one.
Grazing has been implicated in variability in both the composition and biomass of epiphytic macroalgae, and could be another post-recruitment factor influenced by proximity to reefs. Alcoverro et al. (1997) , studying the influence of herbivores on Posidonia oceanica epiphytes in Spain, showed that epiphyte biomass was controlled primarily by seasonal changes in seagrass shoot size, and secondarily by local environmental changes, the most important of which was herbivory. In the present experiment, artificial seagrass was used to compare biomass, so shoot size may be discounted as a potential cause of variability. Neckles et al. (1993 Neckles et al. ( , 1994 demonstrated that strong interactions between grazing and nutrients controlled epiphyte composition and biomass, with the effect of grazers being greatest. In another study, grazing on P. sinuosa epiphytes by amphipods reduced taxonomic richness by 12%, while the absence of gastropod grazers increased biomass by 44% (Jernakoff et al. 1996) . Because reefs provide different habitats, they may be a source of grazers not found in distant-from-reef seagrass meadows and may, therefore, influence the composition of epibenthic grazers in adjacent seagrass meadows. Kirsch et al. (2002) showed that grazing on seagrasses by parrotfish emerging from adjacent reefs was common and significant, while Ogden & Zieman (1977) and Mcintyre et al. (1987) showed that proximity to a reef influenced the intensity of grazing on adjacent seagrass by fishes. Barros et al. (2001) observed differences in benthic macrofaunal assemblages that were related to reef proximity. It is not unreasonable to speculate that proximity to a reef could influence the composition and density of epiphytic macroalgal grazers and could, therefore, have significant effects on biomass and diversity of epiphytic algae.
Water motion is also believed to affect epiphyte biomass and assemblage structure. It has been suggested that the proportion of calcifying to non-calcifying species is positively correlated with increases in current velocity and wave exposure. reported dominance of seagrass epiphyte assemblages by encrusting and articulated coralline species of algae at sites of higher current velocity. They also suggested that diversity was affected by circulation patterns that hindered dispersal of recruits, although this was at a large scale rather than the near-reef scale dealt with in our study. Other studies of epiphytes have noted differences in composition between sheltered and more exposed sites and attributed this to physical disturbance favouring coralline forms (Kendrick & Burt 1997 , Lavery & Vanderklift 2002 . Similarly, Schanz et al. (2002) found higher epiphyte biomass on Zostera noltii subjected to high-flow conditions than on specimens subjected to low-flow velocities, and attributed this to a reduction in grazers, which were unable to cope with the flow velocities. Reefs may serve as a baffle, reducing currents and swell, or the action of wave pumping may generate large currents in the immediate vicinity of reefs (Pattiaratchi et al. 1995) , depending on reef aspect and the prevailing wind direction. Small-scale hydrodynamics are much more variable on and near reefs because of their complex structure (Sorokin 1993) , and this may explain why epiphyte biomass at on-and near-reef sites was more variable than at distant-from-reef sites. Thus reefs may influence epiphyte assemblages of adjacent seagrass meadows at the recruitment stage by acting as a source of propagules and by influencing the dispersal of propagules, and during post-recruitment by influencing the degree of physical disturbance.
In summary, local-scale factors are the most likely causes of differences in assemblage structure of epiphytes on Posidonia sinuosa on near-reef and distantfrom-reef sites. These factors include water motion, nutrients and grazing. It is not possible to determine which particular factors produce the differences between near-reef and distant-from-reef assemblages; however it is probably a combination of factors acting in concert, but to varying degrees. It is reasonable to conclude that these factors are influenced by proximity to reef.
Conclusions
Our results are consistent with the notion that reefs contribute to the differences in epiphytic assemblages on seagrasses, and that proximity to reefs is one determinant of biodiversity in seagrass ecosystems. In our study, near-reef seagrass meadows contained different epiphyte assemblages than distant-from-reef meadows and artificial near-reef seagrass had a greater epiphyte biomass than distant-from-reef seagrasses. Our results suggest that propagule availability varies with distance from reefs, and the assemblages that recruit to seagrass meadows are also influenced by proximity to a reef. This highlights the potential importance of linkages among different marine ecosystems, such as reefs and seagrasses, not only for transfer of productivity but for the development and maintenance of patterns in biodiversity.
